sponse to these sulfide compounds was slower and less intense than in response to garlic extracts ( Figure  1D ). Addition of allicin to TRPA1-and TRPV1-expressing CHO cells showed an immediate and strong calcium response, similar to the responses to garlic extract ( Figures 1A and 2A) . One hundred micromolar allicin was not able to activate other thermoTRPs (TRPV2 was tested by patch clamping of CHO cells, and TRPV3 and TRPV4 were tested by calcium imaging. One millimolar of 2-APB, 3 mM camphor, and 225 mOsm hypotonic solutions were used as positive controls for TRPV2, TRPV3, and TRPV4, respectively). Activation of TRPA1 and TRPV1 by allicin suggests that it might be the main pungent constituent of fresh garlic. Furthermore, as with fresh garlic extract, TRPA1 is more sensitive to allicin than TRPV1 is. Higher concentrations of garlic extract, diallyl disulfide, and allicin sometimes produced lower calcium-influx measurements, especially for TRPA1 ( Figures 1A, 1D , and 2A). Dose responses assayed by FLIPR did not exhibit this phenomenon.
Dose-response curves for allicin on mTRPA1, hTRPA1, rTRPV1, and CHO were assayed by FLIPR. Three separate experiments were performed, and the EC50s from these experiments are tabulated below. One representative dose-response experiment is shown in Figure 2B . In this experiment, the EC50s calculated for mTRPA1, hTRPA1, and rTRPV1 are 1.32 M, 1.91 M, and 51.22 M, respectively. In contrast to the potency of allicin, diallyl disulfide produced much higher EC50s for TRPA1 and TRPV1 (125 M for mTRPA1, and responses were indistinguishable from background for rTRPV1; data not shown). Calcium-imaging experiments of TRPV1 and TRPA1 in response to alliin, the precursor of allicin, showed no activity in either channel for concentrations up to 500 M (data not shown, four replicate experiments for each channel). In electrophysiological recording experiments, oocytes expressing TRPA1 and TRPV1 responded to allicin at a concentration of 10 M (Figures 2C and 2D) . One micromolar of allicin, on the other hand, activated TRPA1-but not TRPV1-expressing oocytes (data not shown), consistent with calcium-imaging experiments.
Although garlic extract and allicin are able to activate TRPV1, TRPA1 is much more sensitive to these treatments. We find that TRPA1 is at least ten times more sensitive to garlic and allicin than is TRPV1 assayed by calcium-imaging experiments of dorsal root ganglia (DRG) neurons (see below) and by FLIPR analysis of TRPA1 and TRPV1 channels stably expressed in CHO cells. When assayed in Xenopus oocyte electrophysiology experiments, differences among the two channels did not appear as varied. Activities of TRPA1 and TRPV1 in these experiments were approximately equivalent to those of garlic extract, although TRPA1 was garlic extracts and allicin specifically activate TRPA1 and TRPV1 in native neurons, we performed calcium imaging of adult rat DRG neurons. We used capsaicin and cinnamaldehyde to mark TRPV1-and TRPA1-expressing neurons. We have previously shown that TRPA1 is expressed in a subset of TRPV1-positive neurons, and this is consistent with the capsacin-and cinnamaldehyde-response profiles (cinnamaldehyde activates a subset of capsaicin-responsive neurons) [17, 18] . Addition of allicin or garlic extract to cultured rat DRG neurons activated a specific population of neurons. High concentrations of garlic extract or allicin (a dilution of 1:50 for garlic, and 100 M allicin) activated the majority of capsaicin-sensitive DRG neurons (Figures 3B-3D ). On the other hand, low concentrations of garlic extract and allicin (a dilution of 1:500 for garlic, and 10 M allicin) activated only the cinnamaldehydesensitive neurons (a smaller subset of capsaicin-sensitive population) ( Figures 3A and 3C-3D ). Importantly, capsaicin-insensitive neurons never responded to garlic extract or allicin. These results agree with data from thermoTRP-expressing CHO cells to show that garlic specifically activates TRPA1 and, to a lesser extent, TRPV1. In addition, 100 M allicin was also able to activate TRPV1-and TRPA1-expressing neurons of the trigeminal ganglia (21 out of 97 neurons, data not shown).
NMR Analysis of Garlic Extracts
If allicin is the main pungent component of garlic extracts, we would then expect it to be present in fresh but not baked garlic extracts. 
The Concentration of Allicin in Garlic Extract Explains Its Activity on TRPV1 and TRPA1
Allicin's activity on TRPA1 and TRPV1 is comparable to the activity of garlic extracts, and allicin is present in fresh but not baked garlic. Is there enough allicin in the garlic extract to account for all its activity? To answer this question, we compared the theoretical estimate of allicin concentration (assayed by FLIPR) that would ac- lower than the concentration expected based on the activity of garlic extract, then we would conclude that there are other compounds within garlic that are activaresonance (NMR). Diallyl sulfide compounds can be produced by degradation of allicin in fresh garlic exting these channels synergistically with allicin. However, because the concentration of allicin in garlic extracts and degradation of any allicin produced in baked tract matches well with its activity in TRPA1 and TRPV1 channels, allicin can account for the pungent activity of garlic. Although other diallyl sulfide species can activate these channels in vitro, their relatively high EC50s and low concentration in fresh garlic extracts indicate that these compounds play a minor role (if any) in TRPV1-and TRPA1-activation in vivo. Furthermore, the close correlation between garlic-extract potency and allicin content precludes any significant contribution from other garlic-derived compounds.
Conclusion
The pungency of garlic has most likely evolved as a defense mechanism to protect the bulb; many species, including European starlings, ticks, mosquitoes, and worms, are repelled by garlic [23-25]. Paradoxically, raw garlic is a popular food for humans. And although garlic has been enjoyed for millennia, the "burning" question remained: What is the biological mechanism through which garlic produces these sensations? Here, we show that fresh-cut garlic and allicin, one of its constituents, activate TRPA1 and TRPV1, two noxious thermoTRPs found in pain-sensing neurons that innervate the mouth and tongue. Activation by garlic and allicin is specific to neurons expressing these channels; no other populations of DRG or trigeminal ganglia neurons are activated by these stimuli. Among the chemical constituents of garlic extracts, allicin is by far the most potent activator of TRPA1 and TRPV1. Furthermore, the activity of allicin, given its concentration in garlic, is sufficient to explain all of garlic extract's activity on these thermoTRPs. Finally, extracts of baked garlic (which differ from fresh extracts primarily in their lack of allicin) are unable to activate thermoTRPs. Allicin and other garlic components are expected to activate olfactory and gustatory neurons as well; however, the burning sensation that fresh garlic can cause must work through the trigeminal system. Therefore, we conclude that in garlic, allicin is the active ingredient that causes a burning sensation through activation of TRPA1 and TRPV1. 
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